Haemophilus parainfluenzae was capable of synthesizing 22 fatty acids. These fatty acids were equivalent to 4% of the bacterial dry weight. These fatty acids were localized in the membrane-wall complex, which contained the respiratory pigments, the quinone, and the phospholipids. The fatty acids which could be extracted with organic solvents comprised 86% of the total fatty acids of the cell. These fatty acids were distributed as 98% in the phospholipids and 1.9% in the neutral lipids, of which 0.5% were free fatty acids. Palmitic, palmitoleic, oleic, and vaccenic acids comprised 72% of the total fatty acids and were found almost exclusively in the phospholipids. The phospholipids also contained the cyclopropane fatty acids. The neutral lipids contained significant proportions of the odd-numbered branched and straight-chain fatty acids. The principal free fatty acids were n-dodecanoic and pentadecenoic acids. The nonextractable wall complex contained 14% of the total fatty acids. These wall fatty acids were rendered soluble only after saponification. The wall fraction contained all of the f3-hydroxymyristic acid and most of the myristoleic and pentadecenoic acids. The significance of the distribution of fatty acids between nonesterified, neutral lipid, phospholipid, and nonextractible wall remains to be determined.
Haemophilus parainfluenzae has an obligatory requirement of a membrane-bound electron transport system for growth (22) . The bacterium has the capacity to extensively modify the composition of the membrane in response to changes in the environment (17) . The changes in the electron transport system have been shown to result in a new composition that is more effective in the new environment (18) . These modifications can be used to delineate some of the control mechanisms involved in the formation of the membrane complex (20) . The function of this electron transport system is dependent on the structural integrity of the membranes. Any disturbance of the lipids by solvents results in the loss of respiratory activity (21) . However, under carefully controlled conditions, the quinone can be extracted and respiratory activity can be partially restored on addition of the quinone (21) . The identity of these essential lipid components and the relation of changes in the composition of the lipids to changes in the proportions of the respiratory pigments need to be known before study of the role of lipid in the formation of the membrane can be made. The fatty acids of Haemophilus have been characterized, and their cellular localization has been determined. Evidence will be presented to show that the fatty acid pattern of Haemophilus is complex and that the localization of the fatty acids is apparently not random.
MATERIALS AND METHODS
Growth ofbacteria. The strain of H. parainfluenzae, harvesting procedures, conditions for growth and preservation of the bacteria, and medium have been described (17) .
Dry weight. The dry weight was determined after drying in vacuo to constant weight as described previously (22) .
Isolation of the fatty acids. About 25 g (dry weight) of frozen bacterial pellets was suspended in 400 ml of 3 N KOH containing 50% (v/v) ethyl alcohol and was refluxed for 12 hr. The cooled saponification mixture was then extracted with 0.2 volume of petroleum ether, and the organic phase was discarded. The aqueous phase was then acidified to pH 2.0 with HCI and extracted with 0.2 volume of petroleum ether. This was repeated with fresh petroleum ether four times. The combined petroleum ether extracts were dried over anhydrous Na2SO4 + NaHCO3 (4:1, w/w) and were evaporated to a small volume in vacuo. For studies of the localization of the fatty acids, 340 mg (dry weight) of bacteria harvested in the stationary phase of growth was saponified for 2 hr at 100 C in tubes sealed with Teflon-lined screw caps.
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Extractions with petroleum ether were mixed vigorously for 5 min on the Vortex mixer. The combined petroleum ether extracts from the acidified aqueous phase were taken to dryness carefully in a stream of nitrogen at 20 C. The fatty acids were extracted from the lipid extracts with two portions of 0.47 M Na2CO8. The acids were then recovered from the aqueous phase by extraction with three portions of petroleum ether after acidification.
Methylation of the fatty acids. The method of Metcalfe and Schmitz (9) , which involves borontrifluoride, was compared with a modification of the method of Lorette and Brown (8) . The methylation with boron trifluoride leads to the development of a brown color which did not appear with the dimethoxypropaneinduced transmethylation. Consequently, the method involving dimethoxypropane was used routinely, although no difference could be detected between the preparations with the gas chromatograph. The Dehydration of hydroxy fatty acids. Dehydration of B3-hydroxymyristic acid was accomplished by heating for 10 min at 100 C in H2SO4 as described by Slepecky and Law (14) . Ice was then added, and the fatty acid was extracted with three portions of petroleum ether. The fatty acid was then methylated.
Localization of the double bonds in the fatty acids. The method of von Rudloff (13) by exposure to sonic vibration. After 30 min of extraction, the mixture was centrifuged and the supernatant fraction was filtered through a small plug of glass wool. The pellet was re-extracted twice and the chloroform-methanol solution was partitioned against 0.7 M NaCI (4). The removal of nonlipid contaminants by chromatography on Sephadex was done as described by Wells and Dittmer (16) . The other method of lipid isolation involved a modification of the method described by Bligh and Dyer (2) . The bacteria were suspended in 30 ml of water, and 75 ml of methanol and 37.5 ml of chloroform were added. The suspension was mixed vigorously and allowed to stand for several hours. Then 37.5 ml of chloroform and 37.5 ml of water were added, and the suspension was shaken and allowed to separate. The bottom layer was filtered through Whatman no. 12 filter paper before lipid analysis.
Separation of neutral and phospholipids. Lipid preparations were dehydrated by evaporation to dryness and were resuspended in benzene-absolute alcohol (4:1, v/v) several times and then resuspended in chloroform. The lipids were then applied to a column (1 by 6 cm) containing 2 g of silicic acid (100 to 200 mesh Unisil). Theneutral 
RESULTS
Identification of the fatty acid methyl esters.
Known mixtures of saturated, monoenoic, branched, hydroxylated, and cyclopropane fatty acid methyl esters were chromatographed on the polar and nonpolar columns. The logarithms of the retention times were then plotted against the number of carbon atoms in the ester, and the points were connected by straight lines as has been established by James (6) . Then chromatographic analysis of the Haemophilus fatty acid methyl esters was performed with the same conditions. The bacterial fatty acid esters were then tentatively identified by their positions on these graphs. The positions of the Haemophilus fatty acid methyl esters are marked with open circles and the known fatty acid esters are marked with the crosses in Fig. 1 and 2 . The mixtures of fatty acid methyl esters were then hydrogenated under conditions in which only the olefinic double bonds were hydrogenated, as well as under conditions where the cyclopropane rings were saturated. The changes resulting after hydrogenation and chromatographic analysis are given in Table 1 and the changes in retention time are illustrated in Fig. 1 and 2 . The percentage composition of the mixture of fatty acid methyl esters was calculated from chromatograms derived from analyses on polar and nonpolar columns. These results are illustrated in (Fig. 3) 
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Fatty acids are ligted in the order of their emergence from the columns. Asterisks indicate that the data are taken from columns run at 130 C; all other data were taken from columns run at 150 C. The changes after hydrogenation in neutral solvents, which saturate only olefinic double bonds, and in acetic acid, which hydrogenates both olefinic and cyclopropane fatty acids, are indicated as follows: P, the peak partially disappears; D, the peak completely disappears; I, the peak increases; Fl, the peak increases more after hydrogenation in acetic acid than the increase in neutral solvent; and U, no change in the response.
hydroxy-myristic acid methyl ester (Fig. 2) . Infrared spectroscopy of the methyl ester after isolation from the preparative column indicated carbonyl stretching at 5.75 ,u, hydroxyl stretching at 3.10 ,, and carbon-hydrogen stretching at 3.3 ,u. The isolated fatty acid was dehydrated in sulfuric acid, and the resulting a-fl unsaturated fatty acid methylated. The retention time at 140 C of the f-hydroxymyristic acid methyl ester on the polyester column was 61.8 min. The retention time of the presumed a-fl unsaturated ester was 23.05 min. After hydrogenation of the a-: unsaturated ester, the retention time was 7.31 min and that of authentic methyl myristate was 7.30 min. The long retention time of the a-: unsaturated fatty acid ester agrees with that from an experiment with authentic ,B-hydroxymyristic acid. This identification procedure was suggested by J. H. Law.
Total composition of the fatty acids of H. parainfluenzae. The concentration of fatty acids in H. parainfluenzae assayed in the stationary phase of growth was approximately 150 ,umoles/g or about 4% of the dry weight. The content of fatty acid methyl esters as determined by gas chromatography with methyl palmitate as standard, the colorimetric analysis with palmitic acid as standard, and the total dry weight of the methyl esters varied from 3.8 to 4.5% of the dry weight.
If several gas chromatographic analyses are performed, the total fatty acid composition can be determined. The C10, C12, C13, C13-, C14=, and C16B were best determined when the columns were held at 130 C. The C18B and C17cyclO were determined before and after hydrogenation in acid from the ethylene glycol succinate column. Hydrogenation in alcohol was used to differentiate C18B from C18, with the SE-30 column.
The proportions of C18='9 and C18= .1 require the collection of the combined C1,8 methyl esters from preparative columns and the determination of the proportions of the fragments obtained after periodate-permanganate treatment. The results of such an analysis are illustrated in Table 5 Three fatty acids, C14, C16, and C16='9, made up 88.1 % of the total fatty acids. These three plus C14oH, C15='9, and C18 accounted for 96.8 % of the fatty acids.
The Proteose Peptone (Difco) medium used to grow the bacteria contains 0.224,umole of fatty 
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Percentages calculated from the total of all peak areas (height X width at half peak height) from gas chromatographic analyses measured as in Fig. 1 and 2 . The C16B and C16-as well as the C18B and the C187 proportions were determined with the SE-30 column before and after hydrogenation in methanol. The Ci7cyolo and C18B proportions were determined before and after hydrogenation in acetic acid when examined with the EGS column. a The amounts of fatty acid esters were calculated as in Table 3 with analysis obtained from SE-30 columns after hydrogenation in a neutral solvent, and were compared with the results after hydrogenation in acetic acid. Methods of hydrogenation are given in Materials and Methods. Chromatograms were normalized with C19 to equal areas. The per cent recovery compares the amount of cyclopropane ester with the total amount of the new branched-chain ester plus the increase in saturated ester. The retention time of the branched ester that appears after hydrogenation in acetic acid indicates that the branching is near the middle of the chain (see Fig. 1 ).
appeared capable of synthesizing each of the 22 fatty acids it has been shown to contain.
Cellular localization of the fatty acids. If a suspension of Haemophilus in phosphate buffer was subjected to sonic vibration (21) and then centrifuged at 104,000 X g for 40 min, resuspended to volume, and recentrifuged, the enzymes of the Embden-Meyerhof-Parnas and hexose monophosphate shunt pathways are quantitively recovered in the supernatant fraction (22) . The pellet contains the membrane-bound electron transport system consisting of the flavoprotein dehydrogenases (19) ; the respiratory quinone, 2-demethyl vitamin K2 (21); the substrate-reducible cytochromes and cytochrome oxidases (23) ; and the ability to utilize oxygen in the presence of substrate. Electron microscopy of the pellet reveals typical membrane fragments (15) . This membrane preparation contains all the phosphorous soluble in chloroform-methanol. This lipid-soluble phosphorus accounts for all the phospholipid in the bacteria. No fatty acids can be recovered from the supernatant portion after saponification. The total fatty acids can be recovered from the membrane fragments. Consequently, the fatty acids, the phospholipids, the respiratory quinone, and the respiratory pigments are all a part of the membrane system. Extraction of the lipid from H. parainfluenzae. Fatty acids and lipid phosphorus could be extracted efficiently from Haemophilus with chloroform-methanol, 2:1 (Table 6) . Two extractions with chloroform-methanol totally removed the phospholipids. Extraction with acidified chloroform-methanol did not remove any further phospholipid. The rapid and effective extraction procedure of Bligh and Dyer (2) produced 50.32 Mmoles of P per g (dry weight), compared to 50.39 ,umoles of P per g (dry weight) for the sum of two extractions with chloroformmethanol.
Partition of fatty acids between residue and lipid. The fatty acid composition of the lipids and the residue of both the chloroform-methanol and Bligh and Dyer (2) methods gave similar patterns ( Table 7 ). The residue after lipid extraction had a peculiar composition, consisting of most of the C14 and C15' 9, and all of the C14OH, in the bacteria. Very little of the major fatty acid C16 and little of the C16 9 or C18-was left in the wall after extraction. None of the C10, C16B, C17, C17Yelo, Clg, C9lYg1°, C20, or CQ was found in the residue.
Distribution of fatty acids between the neutral Table 9 . Only 0.4% of the fatty acids was not esterified. Comparison with Table 8 indicates that the C13, C17, C18g, C18, and C1g found in the neutral lipid did not exist as free fatty acids. These bound fatty acids represented 20% of the neutral lipid fatty acid and 0.32% of the total fatty acid composition. The principal fatty acid in Haemophilus, as in other bacteria, is palmitic acid (12) , and in Haemophilus this acid is localized exclusively in the phospholipids. The phospholipids are readily extractable and contain 84% of the fatty acids of the bacteria. The localization of the cyclopropane fatty acids exclusively in the phospholipids would be expected from the study of the biosynthesis of the cyclopropane ring (5) .
The principal neutral lipid consists of three isoprenologues of 2-demethyl vitamin K2, with side chains of C25, C30, and C35. In stationaryphase cultures of bacteria, this lipid is present in concentrations up to 4.5 ,umoles/g, dry weight (0.29% of the dry weight; 21). The major fatty acids of the neutral lipids are C13=, C17, Cig, and C18B. The neutral lipid contains some component to which most of the C13=, C17, C18B, C18, C18=, and C19 of the neutral lipid fatty acids are bound. The free fatty acids are mainly C12, C15, and C15= '9. It is hoped that further studies of the changes in the proportions of phospholipids during modification of the electron transport system will The nonesterified fatty acids were extracted from the lipid with Na2CO3 as described in Materials and Methods. The total of nonesterified and esterified fatty acid represented between 93 and 114% of that found for the total lipid.
b Per cent of total.
allow correlation with changes in the specific distribution of the fatty acids. Perhaps some insight can be gained not only into the function of phospholipid in membrane formation but also into the relatively specific distribution of fatty acids in the lipid fractions of the bacteria.
